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(54) HYDROPHOBIC METAL OXIDE POWDER AND USE THEREOF 

(57) A hydrophobic metal oxide powder obtained by 
simultaneously surface-treating a powder of a metal 
oxide (for example, silica, titania, alumina, or the like) 
with silicone oil having epoxy groups and a non-poly- 
meric amine compound having a lower number of pri- 
mary and/or secondary amino groups than the number 
required for reaction with all epoxy groups, or surface- 
treating the powder with silicon oil having epoxy groups 
and amino groups and previously obtained by reaction. 
Straight silicone oil may be further used for surface 
treatment. Frictional charge which is controlled within a 
wide range of from negative charge to positive charge, 
high hydrophobicity and fluidity can be imparted to the 
powder by using a relatively small amount of coating, 
and a hydrophobic metal oxide powder useful as an 
additive for an electrophotographic developer can be 
obtained. 
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Description 

(Technical Held) 

5 The present invention relates to a hydrophobic metal oxide powder suitably added to an electrophotographic devel- 

oper in order to improve fluidity of a toner, control the charge thereof, etc., and an electrophotographic developer con- 
taining the same. 

(Background Art) 

10 

In electrophotography, the development process is carried out by adhering a toner to an electrostatic latent image 
on a photosensitive member. A general electrophotographic developer contains a toner and a carrier for imparting 
charge to the toner by frictional charging and carrying the toner to a development region. In general, the toner com- 
prises a thermoplastic resin, a colorant, and a charge controller, and the carrier comprises a magnetic powder of iron, 

is ferrite (iron oxide) or the like. It is known that besides the toner and carrier, various additives can be added to the devel- 
oper for the purpose of controlling the charge of the toner, improving the fluidity and cleaning properties of the toner, etc. 

For example, a hydrophobic metal oxide powder obtained by making hydrophobic the surfaces of a metal oxide 
powder of silica, alumina, titania or the like using an organic material is added as an agent for improving the fluidity and 
cleaning properties of the toner to an electrophotographic developer. Such a hydrophobic metal oxide powder is also 

20 known to be used as a charge controller. Therefore, hydrophobicity and frictional charge are important features for this 
type of hydrophobic metal oxide powder, and these features are controlled by the type and the coating amount of the 
organic materials used for surface treatment of a metal oxide powder. 

In general surface treatment of a metal oxide powder, surface treatment of the powder with an amine organic com- 
pound is known to decrease the negative charge of the powder or impart positive charge to the powder. It is also pro- 

25 posed that the metal oxide powder surface-treated with such an amine organic compound is used as a charge controller 
for toner. 

For example, Japanese Examined Patent Publication No. 53-22447 proposes that a metal oxide powder surface- 
treated with aminosilane (an amino-containing silane coupling agent) is used as a positive charge controller for toner. 
In addition, Japanese Unexamined Patent Publication No. 62-52561 discloses an electrophotographic toner containing 

30 as a positive charge controller a powder obtained by treating vapor phase silica with epoxy-containing silane and then 
with an amine. In general, a metal oxide powder surface-treated with such silane cannot be sufficiently increased in 
hydrophobicity, and does not have the sufficient effect of improving the fluidity and cleaning properties of the toner. 

Japanese Unexamined Patent Publication Nos. 6-80406 and 6-83099 disclose that organopolysiloxane containing 
epoxy groups and a metal oxide powder surface-treated with polyalkyleneimine are added to an electrophotographic 

35 developer for the purpose of both improving fluidity and controlling charge. However, it was found that since the poly- 
alkyleneimine (for example, polyethyleneimine) used as an amine is a polymeric amine containing many amino groups 
per molecular weight and having a high molecular weight, and the surface of the powder is covered with polyalkylene- 
imine chains with relatively high hydrophilicity, hydrophobicity and fluidity become insufficient. 

Japanese Unexamined Patent Publication No. 63-155155 discloses an electrostatic image developer containing 

40 inorganic fine particles which are treated with silicone oil containing epoxy groups and then with an amino compound. 
However, the inorganic particles treated in two steps as described above have unreliable charge controllability and/or 
insufficient hydrophobicity. 

An object of the present invention is to provide a hydrophobic metal oxide powder which can be controlled in fric- 
tional charge within a wide ran by using a relatively small amount of coating, and which is provided with high hydropho- 
45 bicity and fluidity, and also an electrophotographic developer containing the hydrophobic metal oxide powder. 

(Disclosure of the Invention) 

The above object can be achieved by simultaneously surface-treating a metal oxide powder with silicone oil con- 
50 taining epoxy groups and an amine compound having active hydrogen, or surface-treating a metal oxide powder with 
silicone oil containing epoxy groups and amino groups and previously obtained by reaction . When hydrophobicity is 
desired to be further improved, straight silicone oil may be further used with above components. 

In according to the present invention, there are provided the following: 

55 (1) A hydrophobic metal oxide powder having surface coating and formed by simultaneous surface treatment with 
silicone oil containing epoxy groups and a non-polymeric amine compound having a lower number of primary 
and/or secondary amino groups than the total number of the epoxy groups; and 

(2) A hydrophobic metal oxide powder having surface coating and formed by surface treatment with silicone oil con- 
taining epoxy groups and amino groups. 
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In the surface treatments for the hydrophobic metal oxide powders (1) and (2), straight silicone oil may be further 
used with the above components. 

For the hydrophobic metal oxide powder (2), silicone oil having epoxy groups and amino groups can be prepared 
by reacting silicone oil having epoxy groups with a non-polymeric amine compound having a lower number of primary 
and/or secondary amino groups than the necessary number for reaction with all epoxy groups. 

The hydrophobic metal oxide powder of the present invention preferably exhibits a degree of hydrophobicity of 60% 
or more which is measured by a transmittance method. 

In accordance with the present invention, there is provided an electrophotographic developer containing the hydro- 
phobic metal oxide powder. 

(Best Mode for Carrying Out the Invention) 




In the present invention, the type of the metal oxide powder subjected to surface coating is not limited, and any 
metal oxide powder can be selected according to application. Preferable metal oxide for improving fluidity of toner 
15 include silica, alumina and titania (titanium oxide), but other metal oxides such as zirconia (zirconium oxide), zinc oxide, 
tin oxide, and the like can also be used according to application. 

The particle size of the metal oxide powder may also be selected according to application. A powder having a spe- 
cific surface area of 50 trpfg or more is preferably used for improving fluidity of toner. 

The metal oxide may be a composite oxide comprising at least two metals, or a mixture of at least two metal oxides. 
20 The metal oxide powder is preferably synthesized by a vapor phase method. The metal oxide powder synthesized 
by the vapor phase method has less aggregation of particles, and is thus suitable for improving the fluidity of toner. The 
metal oxide powder is synthesized by the vapor phase method, for example, the known method of decomposing a metal 
chloride such as silicon tetrachloride or the like, and industrial synthetic products are commercially available. 

In accordance with the present invention, coating is formed on the surfaces of the metal oxide powder by surface 
25 treatment with (1) silicone oil having epoxy groups (referred to as "epoxy-modified silicone oil" hereinafter) and an 
amine compound (= an amine compound having active hydrogen) having a lower number of primary and/or secondary 
amino groups than the total number of the epoxy groups, (2) silicone oil (referred to as "epoxy/amino-modrfied silicone 
oil" hereinafter) having epoxy groups and amino groups, or (3) straight silicone oil in addition to (1) and (2). 

Epoxy groups have the function to strongly combine silicone oil with the metal oxide powder, and modified silicone 
30 oil imparts hydrophobicity to the metal oxide powder. When the effect of imparting hydrophobicity is insufficient, the 
effect of imparting hydrophobicity can be increased by using straight silicone oil with modified silicone oil. Amino groups 
change the charge of the metal oxide powder to positive, and the charge applied to the powder greatly depends upon 
the type of amino groups. 

Epoxy/amino-modif ied silicone oil is preferably prepared by reacting silicone oil having epoxy groups (referred to as 

35 "epoxy-modified silicone oil" hereinafter) with an amine compound having primary and/or secondary amino groups in 
an amount smaller than the necessary stoichiometric amount for reacting with all epoxy groups. Conversely, silicone oil 
having epoxy groups and amino groups can also be prepared by reacting silicone oil having primary and/or secondary 
amino groups (referred to as "ami no-modified silicone oil" hereinafter) with an epoxy compound having at least two 
functional groups in an amount smaller than the amount necessary for reacting with the total of primary and secondary 

40 amino groups. However, since the types of epoxy compounds having at least two functional groups, which are easy to 
obtain, are very limited, there are very few types of silicone oil which can be prepared, as compared with the first reac- 
tion, and thus the second reaction is disadvantageous in the point that frictional charge is controlled within a wide rage, 
which relates to the object of the present invention. 

Therefore, in accordance with the present invention, surface treatment of the metal oxide powder is carried out by 

45 using epoxy-modified silicone oil and an amine compound having a lower number of primary and/or secondary amino 
groups than the total of the epoxy groups after these materials are previously reacted or by simultaneously using these 
components which are not reacted, and further using straight silicone oil as occasion demands. If the total number of 
primary and secondary amino groups contained in the amine compound is higher than the total number of epoxy 
groups contained in silicone oil, the hydrophobicity and fluidity of the surface-treated metal oxide powder significantly 

so deteriorate. When both components are previously reacted, since the epoxy groups are substantially completely 
reacted to disappear, thereby causing the need for surface treatment at a high temperature and decreasing the bonding 
force between the formed coating and the powder surface. 

The epoxy-modified silicone oil and the amine compound are preferably used at a molar ratio of the total of the pri- 
mary and secondary amino groups in the amine compound to the total of the epoxy groups in the silicone oil within the 

55 range of 0.1 to 0.9, particularly, 0.2 to 0.8. At a molar ratio of less than 0.1 . the number of the amino groups introduced 
is small, and thus charge is not sufficiently controlled. While at a molar ratio of over 0.9, the time stability of the hydro- 
phobic metal oxide powder obtained after surface treatment deteriorates. When the amine compound is previously 
reacted, at a molar ratio of over 0.9, bonding between the coating and the powder is insufficient due to a decrease in 
number of unreacted epoxy groups, and unreacted amine compound tends to remain. This is undesirable because of 
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its adverse effect on charge stability or improvement in hydrophobicity. 

When both components are previously reacted before use, in reaction, the epoxy groups in the silicone oil partly 
react with the primary or secondary amino groups in the amine compound to open the rings, and thus -OH groups and 
-NR groups (amino groups) are introduced into the silicone oil in place of the epoxy groups. As a result, epoxy/amino- 

5 modified silicone oil having un reacted epoxy groups and the amino groups introduced by reaction is obtained. 

Although this reaction proceeds simply by mixing both components at room temperature or agitating the compo- 
nents in a polar solvent such as an alcohol or the like, if required, the reaction may be affected under heating at a tern- 
perature at which the reaction components do not volatilize. If the amine compound contains primary amino groups, 
although -NH groups are produced by reaction, and possibly further reacted with the epoxy groups, the possibility of 

10 reacting with the epoxy groups is thought to be low, and thus the stoichiometric amount can be estimated at the above 
ratio of amino groups to epoxy groups. 

The epoxy-modrfied silicone oil represents oily organopolysiloxane having epoxy groups. For example, epoxy- mod- 
ified silicone oil having a structure having glycidyl groups and/or cyclic epoxy groups in the terminals and/or side chains 
of a dimethylpolysiloxane skeleton is commercially available. 

75 Preferable epoxy-modif ied silicone oil has glycidyl groups as epoxy groups and an epoxy equivalent of 200 to 3000 
g/moi. if the epoxy equivalent exceeds 3000 g/mol, although the cause is not known, the reaction with the amine com- 
pound hardly produces sufficient effects. The viscosity of the silicone oil is preferably within the range of 5 to 100 cSt at 
25°C. With a viscosity of over 100 cSt, fluidity deteriorates, while with a viscosity of less than 5 cSt, the silicone oil easily 
volatilizes in surface treatment of the metal oxide powder. 

20 Particularly preferable epoxy-modif ied silicone oil has glycidyl groups in both terminals of its molecule, an epoxy 
equivalent of 300 to 1 000 g/mol and a viscosity of 1 0 to 50 cSt at 25°C. The epoxy-modif ied silicone oil more preferably 
has glycidyl groups only in both terminals of its molecule. Because the present of glycidyl groups in both terminals and 
side chains possibly deteriorates hydrophobicity. 

Examples of commercial products of epoxy-modif ied silicone oil include KF-101, KF-102, KF-103, KF-105, X-22- 

25 163A, X-22-169AS, X-22-163B, X-22-163C, X-22-169B, etc., which are produced by Shin-Etsu Silicone Co.. Ltd.; 
SF8411, SF8413, SF8421, etc.. which are produced by Dow Corning Toray Silicone Co., Ltd.; and TSF4730, TSF4731, 
TSL9946, TSL9986, TSL9906, etc., which are produced by Toshiba Silicone Co., Ltd. 

As the amine compound previously reacted with the epoxy- modified silicone oil or not previously reacted and used 
together with the epoxy-modified silicone oil for surface treatment, non-polymeric amine compounds having primary 

30 and/or secondary amino groups reactive with epoxy groups are used. The use of polymeric amine compounds such as 
polyalkyleneimine causes the coated surface to be substantially covered with polymeric amine (with relatively high 
hydrophilicity), as described above, and thus the metal oxide powder after surface treatment has very low hydrophobic- 
ity, thereby causing the insufficient effect of improving fluidity. 

As illustrated in examples below, the charge of the hydrophobic metal oxide powder of the present invention greatly 

35 depends upon the type of the amine compound used. Namely, if the amine compound adheres to the surface of the 
metal oxide powder, the amine compound generally changes the charge to positive, and the degree of change (the 
effect of imparting positive charge) greatly depends upon the type of the amine compound used. It is thus possible to 
control the charge (frictional charge measured by the method below) of the hydrophobic metal oxide powder, e.g., a sil- 
ica powder, within a wide range of from a negative charge of about -500 uC/g to a positive charge of over 300 uC/g by 

40 changing the type and amount of the amine compound used. Therefore, the type of the amine compound may be 
selected according to the desired level of charge required for toner. 
The effects of amine compounds on charge are as follows: 

(A) Amine having the relatively small effect of imparting positive charge 

(1) Aliphatic primary amine (R 1 NH 2 : R 1 is an alkyl group having 4 to 20 carbon atoms, and an alkyl group may 
have an ether bond); 

(2) Aromatic amine (aromatic amine having at least one primary or secondary amino group, for example, ani- 
line, toluidine, or the like); 

(3) Heterocyclic amine (heterocyclic amine having at least one primary or secondary amino group, for example, 
pyrrole, imidazole, indole, or the like). 

(B) Amine having the large effect of imparting positive charge 

55 (1) Aliphatic secondary amine (R 1 R 2 NH: R 1 and R 2 are the same or different alkyl groups each having 1 to 10 

carbon atoms, and an alkyl group may have an ether bond); 

(2) Diamine (R 1 R 2 NXNHR 3 : R 1 , R 2 and R 3 are each a hydrogen atom or an alkyl group having 1 to 10 carbon 
atoms, and may be the same or different, an alkyl group may have an ether bond, and X is an alkylene group 
having 1 to 10 carbon atoms); 




45 
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(3) Triamine (R 1 R 2 NXNR 3Y NHR 4 : R 1 , R 2 , R 3 and R 4 are each a hydrogen atom or an alkyl group having 1 to 
10 carbon atoms (however, all groups are not hydrogen atoms), and may be the same or different, an alkyl 
group may have an ether bond, and X and Y are each an alkylene group having 1 to 10 carbon atoms), and 
higher amines such as similar tetramine and the like; 
5 (4) Alicyclic amine (alicyclic amine having at least one primary or secondary amino group, for example, piper- 

azine, piperidine, or the like); 

(5) Heterocyclic amine having primary or secondary aminoalkyl group (for example, triazine) or alicyclic amine 
(for example, piperazine). In this case, heterocyclic amine or alicyclic amine may have only a tertiary amino 
group. 

10 

The above description has been made in connection with a measure for selecting the amine compound, and the 
amine compound actually used may be selected on the basis of experimental examination of the effect of imparting 
charge. In addition, at least two amine compounds may be used. In this case, as a result of mixing, the charge imparting 
behavior of the amine compound is sometimes different from the above. 

is When positive charge is desired to be imparted, particularly preferable amine compounds are the above diamines, 
i.e., compounds represented by the formula R 1 R 2 NXNHR 3 . Since these compounds can impart high positive charge by 
adding a relative small amount of compound, as compared with the other amine compounds, it is possible to efficiently 
stably obtain the metal oxide powder having a frictional charge within the range of +10 to +250 jiC/g and being useful 
as a fluidity improver for a toner with positive charge. Of these amine compounds, diamines wherein R 1 and R 2 are each 

20 an alkyl group having 1 to 6 carbon atoms, R 3 is a hydrogen atom or an alkyl group having 1 to 6 carbon atoms, and X 
is -(CH) n - (n is an integer of 2 to 4) are preferable for imparting positive charge. As the number of carbon atoms of the 
alkyl group joined to a nitrogen atom increases, hydrophobicity of a metal oxide powder increases, resulting in the ten- 
dency that stable charge can be obtained. 

On the other hand, a metal oxide powder having stable negative charge (for example, -100 to -200 uC/g) is also 

25 useful for a toner with negative charge. In this case, such a metal oxide powder having negative charge is obtained by 
controlling the amount of the amine compound added, which has the large effect of imparting positive charge, or using 
an amine compound having a relative small effect of imparting positive charge. The use of an amine compound having 
the large effect of imparting positive charge can obtain the intended negative charge by adding only a small amount of 
compound, while the use of an amine compound having a relative small effect of imparting positive charge can easily 

30 obtain stable, negative charge because charge is hardly changed by the amount of the amine compound added. 

When the effect of imparting hydrophobicity cannot be sufficiently attained by using only the modified silicone oil 
only, straight silicone oil can be further used for surface treatment. Straight silicone oil means unmodified silicone oil in 
which methyl groups, hydroxy! groups, phenyl groups and/or hydrogen are joined to silicon. Examples of such straight 
silicone oil include dimethyl silicone oil, methylphenyl silicone oil, and methylhydrogen silicone oil. Of these silicone oils, 

35 dimethyl silicone oil being lowest in price and having a wide range of viscosity is preferred. Straight silicone oil having 
a viscosity of 1 0 to 1 00 est at 25°C is preferably used. 

Examples of commercial products of such straight silicone oil include KF-96, KF-99, KF-50, KF-54, KF-56, and the 
like, which are produced by Shin-Etsu Silicone Co., Ltd.; SH200, PRX413, SH510. SH702, SH705, SH550, SH704, and 
the like, which are produced by Dow Corning Toray Silicone Co., Ltd.; TSF451, YF3800. TSF484, TSF483, TSF431, 

40 TSF437, TSF4300, TF3804, TSL9546, TSL95586, and the like, which are produced by Toshiba Silicone Co., Ltd.; and 
L-45, L-31, FZ-3805, FZ-3702, FZ-3122, and the like, which are produced by Nippon Unicar Co., Ltd. 

The metal oxide powder of the present invention may be surface-treated by a conventional known method, i.e., 
either a wet method or a dry method. However, when the metal oxide powder is synthesized by the vapor phase 
method, the dry method is preferable because aggregation hardly occurs. The dry method is also advantageous in the 

45 use of a small amount of the treating solution, the ease of control of the coating amount of the powder, and simplicity of 
the operation. 

Surface treatment can be carried out by the dry method, for example, comprising adding dropwise or spraying the 
epoxy-modified silicone oil and the amine compound to the metal oxide powder under sufficient agitation in an appro- 
priate closed container after the components have previously been reacted or without being reacted. When the epoxy- 
so modified silicone oil and the amine compound are added without being reacted, the components can be added simul- 
taneously or one after the other. If required, the components used for surface treatment may be diluted with or dissolved 
in a solvent (e.g., alcohol, acetone, hydrocarbon, or the like) before use. 

The epoxy-modified silicone oil and the amine compound, or the epoxy/ami no-modified silicone oil obtained by 
reaction of these components, and if required, straight silicone oil, are added to the metal oxide powder, followed by 
55 heating at a temperature within the range of 80 to 250°C, and preferably within the range of 1 00 to 1 70°C, under a nitro- 
gen stream, to strongly combine the silicon oil with the surface of the metal oxide powder, and, at the same time, remove 
the solvent if required. Since the silicone oil has epoxy groups having high reactivity to the surface of the metal oxide 
powder, surface coating can be achieved by heat treatment at such a relatively low temperature. 

When the above dry treatment is difficult for the type the metal oxide powder used, the metal oxide powder can be 
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surface-treated by the wet method comprising soaking the powder in a solution obtained by dissolving the silicone oil 
(and the amine compound) in an appropriate solvent, recovering the powder from the solution and then heating it as 
described above. 

In this surface treatment, the charge of the metal oxide powder is changed by the amine compound joined to the 

5 powder surface through the epoxy-modified silicone oil or the amino groups in the epoxy/amino-modified silicone oil 
joined to the powder surface mainly through epoxy groups, and at the same time, the powder surface is rendered hydro- 
phobic by the silicone oil. In addition, since the silicon oil (and the amine compound) is strongly joined to the powder 
surface, the surface-treated metal oxide powder is hardly affected by environmental conditions, e.g., humidity, and 
exhibits less changes with time in characteristics such as hydrophobicity and charge, and excellent stability. 

w The amounts of the silicone oil and amine compound coated on the surface of the metal oxide powder are selected 
so as to obtain the above-mentioned desired charge, and at the same time, impart sufficient hydrophobicity (and fluid- 
ity). In order to ensue sufficient hydrophobicity, the silicone oil (when straight silicone oil is used together with the silicon 
oil, the total amount of the modified silicone oil and the straight silicone oil) is preferably used in an amount within the 
range of 5 to 40 parts by weight, particularly 1 0 to 30 parts by weight, relative to 1 00 parts by weight of metal oxide pow- 

15 der. In regard to the amount of the amine compound used or the amount of the amino groups contained in the 
epoxy/amino-modified silicone oil, from the viewpoint of the effect of imparting charge, the modified silicone oil is pref- 
erably used so that the molar ratio of the total number of primary, secondary and tertiary amino groups to the OH groups 
present in the surface of the metal oxide powder is within the range of 0.1 to 1 .0, particularly 0.2 to 0.6. 

As the hydrophobicity of the hydrophobic metal oxide powder obtained by surface treatment increases, a change 

20 in charge of toner with humidity decreases due to a decrease in hygroscopicrty of the metal oxide powder, and the effect 
of preventing aggregation (the effect of improving fluidity) increases, thereby increasing the availability of the metal 
oxide powder. In practical use, the degree of hydrophobicity measured by the transmittance method is 60% or more, 
preferably 70% or more, and more preferably 80% or more. 

The transmittance method is a method for determining the degree of hydrophobicity of a powder by experiment. In 

25 this method, 1 .0 g of powder and 100 ml of water are poured into a factional funnel for extraction, and then vigorously 
shaken and agitated for 10 minutes. Then, the mixture is allowed to stand for 10 minutes, and a small amount of sus- 
pension is extracted through the bottom of the fractional funnel. The transmittance of the thus-extracted suspension is 
measured with light of 550 nm, and the measured value relative to the transmittance of 100% of pure water is shown 
as the degree of hydrophobicity of the powder. 

30 The charge of the resultant hydrophobic metal oxide powder can be evaluated by a blow-off metfiod for measuring 
the frictional charge amount. A method for measuring frictional charge relative to iron by the blow off method is pre- 
scribed in, for example, "ShiWzai" 55[9]. 630-636 (1982), etc. In the present invention, the frictional charge was deter- 
mined by the method prescribed in "ShiWzai". 

The hydrophobic metal oxide powder of the present invention can be contained as an additive for improving fluidity 

35 and cleaning properties of toner or a charge controlling agent in an electrophotographic developer used for a copying 
machine and a printer. As a result, an electrophotographic developer having stable charge and excellent fluidity can be 
obtained. The hydrophobic metal oxide powder can also be contained in the silicone rubber roll used in a copying 
machine or the like to be used for controlling charge. 

When the hydrophobic metal oxide powder is contained in an electrophotographic developer, it is preferable for 

40 practical use that the amount of the hydrophobic metal oxide powder added is within the range of 0.1 to 20% by weight 
based on the total amount of the toner used. The amount of the hydrophobic metal oxide powder used as a charge con- 
troller is generally larger than the amount of the hydrophobic metal oxide powder used as a fluidity improver. 0.1 to 3% 
by weight of powder is sufficient for use as a fluidity improver. 

Other components of toner, and the carrier contained in toner may be the same as conventional known electropho- 

45 tographic developers. 

In the present invention, the fluidity of the toner containing the hydrophobic metal oxide powder is evaluated by a 
sieve shaking method which will be described below. In this method, a styrene-acrylic copolymer resin containing 18% 
by weight of carbon dispersed therein is ground, and then classified to obtain a resin having an average particle size of 
7 ± 3 nm, and 0.05 g of surface-treated metal oxide powder is added to 10 g of the thus-obtained resin, followed by 
50 mechanical mixing for 30 seconds to prepare a toner. 5 g of thus-prepared toner is put in a sieve of 100 mesh (mesh 
size: 150 urn), and shaken by an electromagnetic sieve shaker for 1 minute, and the ratio by weight (%) of the toner 
passing through the sieve is determined, and shown as the fluidity of the toner. As the fluidity of the toner increases, the 
occurrence of fogging and a decrease in image density decrease in development of an electrophotograph using this 
toner. 

55 The hydrophobic metal oxide powder of the present invention can improve the fluidity of not only a toner but also a 
resin powder, and can be used as a f luidizer for powder plastics, an additive for powder paint, etc. 

Although the present invention will be described in detail below with reference to examples, the examples are noth- 
ing abut examples, and the present invention is not limited to these examples. 
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(Example 1) 

This example is an example in which a metal oxide powder is simultaneously surface-treated with e poxy-modified 
silicone oil and an amine compound. 

5 20 g of each of the metal oxide powders shown in Table 3 was dried by heating, and placed in a stainless steel con- 

tainer with an agitator, and the epoxy-mod'rfied silicone oil and amine compound shown in Table 3 were then simultane- 
ously sprayed on the powder in a floating state at room temperature in a nitrogen stream under agitation. The silicone 
oil and the amine compound were dissolved in methanol or hexane, and then used. In Table 3, the amount of the epoxy- 
modified silicone oil used was shown by the total number of epoxy groups, and the amount of the amine compound 

w used was shown by the total number of amino groups (primary, secondary and tertiary) or the total number of primary 
and secondary amino groups (the number of primary and secondary N) (in both cases, the unit is mmol). 

The meanings of the symbols of the epoxy-modified silicone oil and amine compounds are as shown in Tables 1 
and 2. 

15 

Table 1 



Epoxy- modified silicone oil 


Symbol 


Trade Name 


Structure 


Epoxy Equivalent 


A 


KF105 1 


Silicone with glycidyl-modified both terminals 


490 g/mol 


B 


X-22-163A 1 


Silicone with glycidyl-modified both terminals 


950 g/mol 


C 


X22-169AS 1 


Silicone with alicyclic epoxy-modified both terminals 


530 g/mol 


D 


FZ-3745 2 


Silicone with glycidyl-modified side chains and both terminals 


400 g/mol 


E 


BY16-855 3 


Silicone with alicyclic epoxy-modified side chains and both 
terminals 


650 g/mol 


Straight silicone oil 


Symbol 


Trade Name 


Type 


Group joined to Si atoms 


F 


KF96 1 


Dimethyl silicone oil 


methyl 


G 


PRX413 3 


Dimethyl silicone oil 


methyl, hydroxy! 


H 


KF56 1 


Dimethylphenyl silicone oil 


methyl, phenyl 


I 


KF99 1 


Methyl hydrogen silicone oil 


methyl, H 



1 : Produced by Shin-Etsu Silicone Co., Ltd. 
2: Produced by Nippon Unicar Co., Ud. 
3: Produced by Dow Corning Toray Co., Ltd. 
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Table 2 



Amine Compound 


Symbol 


Structure Numbe of 


Nuroer of 




N atoms 


reactive N atoms 


a 


(n-Bu) 2 N(CH 2 )3NH 2 2 


1 


b 


(n-Bu) 2 NH 1 


1 


c 


h/^ICCH^jNH, 3 


2 


d 


( n-Bu ) 2 N ( CH 2 ) 2 NH ( CH 2 ) 2 NH 2 3 


2 


e 


N V CHjNHj 4 


2 


f 


C 12 N 25 NH 2 1 


1 


g 


PhNH 2 (aniline) 1 


1 


h 


( n-Bu ) 2 N ( CH 2 ) 3 NHCH 3 2 


1 


i 


polyethyleneimine (average molecular weight: 
(all nitrogen atoms are reactive atoms) 


about 70,000) 


Number of reactive N atoms = total number of primary amine 



groups + secondary amine groups 



50 



n=Bu = n- butyl; Ph = phenyl 



Of the above amine compounds, polyethyleneimine i is a polymeric compound and is unsuitable for use in the 
55 present invention. 

After spraying was completed, the metal oxide powder was further agitated at room temperature for 30 minutes, 
externally heated under a nitrogen stream, heated to 1 50°C over 30 minutes, heated at this temperature for 1 hour, and 
then cooled to room temperature under agitation. 

Table 3 shows the results of the above-mentioned measurement of the degree of hydrophobicity and the frictionai 
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charge of the resultant hydrophobic metal oxide powders relative to ion powder, and the fluidity of the toners containing 
these powders. 

30 g of each toner containing metal oxide and used in the fluidity test and 1000 g of iron oxide powder were mixed 
to prepare an electrophotographic developer which was placed in an electrophotographic copying machine for a life 
test. Table 3 also shows the results of the life test. The developers containing the metal oxide powders of the examples 
exhibited good images even under an environment of high temperatre and high humidity (28°C, 85%RT). 
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(Example 2) 

This example is an example in which a metal oxide powder is surface-treated with the poxy/amino-modif ied silicone 
oil obtained by previously reacting epoxy-modified silicone oil and an amine compound. 

A metal oxide powder was surface-treated by the same method as Example 1 except that epoxy-modified silicone 
oil and an amine compound were previously reacted by mixing at 50° C for twenty-four hours, and then used for spray- 
ing. Table 4 shows together the results of the degree of hydrophobicity and the frictional charge of each of the resultant 
hydrophobic metal oxide powders relative to ion powder, the fluidity of the toner containing each powder and the life test 
of an electrophotographic developer. The meanings of the symbols shown in Table 4 are as shown in Tables 1 and 2. 
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(Example 3) 

This example is an example in which a metal oxide powder is simultaneously surface-treated with epoxy-modified 
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silicone oil, an amine compound and straight silicone oil. 

A metal oxide powder was surface-treated by the same method as Example 1 except that epoxy-modif ied silicone 
oil, an amine compound and straight silicone oil were used for spraying. Table 5 shows together the results of the 
degree of hydrophobicity and the frictional charge of each of the resultant hydrophobic metal oxide powders relative to 
5 iron powder, the fluidity of the toner containing each powder and the life test of an electrophotographic developer. The 
meanings of the symbols shown in Table 5 are as shown in Tables 1 and 2. 

(Example 4) 

10 This example is an example in which a metal oxide powder is surface-treated with epoxy/amino-modrfied siicone oil 
obtained by previously reacting epoxy-modified siicone oil and an amine comound, and straight silicone oil. 

A metal oxide powder was surface-treated by the same method as Example 2 except that the reaction product 
obtained by previously mixing epoxy-modified silicone oil and an amine compound at 50°C for twenty-four hours, and 
straight silicone oil were used for spraying. Table 6 shows together the results of the degree of hydrophobicity and the 

is frictional charge of each of the resultant hydrophobic metal oxide powders relative to iron powder, the fluidity of the 
toner containing each powder and the life test of an electrophotographic developer. The meanings of the symbols 
shown in Table 6are as shown in Tables 1 and 2. 




15 



# 



EP 0 799 791 A1 



# 



5 



10 



15 



20 



30 



in 



i 

fl) 4-> I 
*« CO | 


Of 

Copies) 


O 
O 
O 

O 
^* 

A 


O 
O 
O 

in 

CO 
A 


O 
O 
O 

CN 
CO 

A 


0 
0 
0 

GO 

CO 
A 


O 
O 
O 

A 


000 'se< 


O 
O 
O 

VO 
CO 
A 


0 

0 
0 

VO 

CO 

A 


0 

0 
0 

0 

<<* 

A 


O 
O 
O 

CO 

CO 
A 


O 
O 
O 

OJ 
CO 
A 


> 33, 000 


O 
O 
O 

CO 
CO 
A 


O 
O 
O 

VO 

co 

A 


O 
O 
O 

CO 
A 


O 
O 
O 

CN 

A 


-H _ 






CO 

00 


in 

CO 


CO 


CN 

en 


CO 
CO 


00 

CO 


VO 
CO 


CM 

o\ 


rH 

on 


CO 


CM 
CO 


0 

on 


0 

CO 


CO 
CO 


^» 

CO 


vO 
CO 


i— 1 
h 






































S.J 






































Degree 
Hydro 
phobici 
(%) 




CO 


in 
o\ 


on 


CO 


iH 
CO 


0 

ON 


0 

ON 


CO 
CO 


CN 
CO 


CO 
CO 


VO 
CO 


0 

o\ 


CM 

ON 


rH 
ON 


CM 

ON 


CO 
ON 


ps 


10 
^» 

CO 


0 

* in 


so 

iH 


0 

vO 
CO 


0 

CN 

rH 
1 


CM 

0 

in 


0 
in 

rH 


0 

CO 
•H 


in 

CM 


VO 

in 

rH 


0 
0 

1 


VO 

in 

CO 

1 


O 

CM 


rH 

VO 
CM 


CM 
rH 
CM 


ON 
rH 
CM 








CM 


CM 


cm 


CN 


CN 
























f |a . 

bo 




u* 


O 


as 


H 


























1 Used in 
Treatment 






CO 








in 
\ 
m 

cm 


CN 

\ 


N 1 


vo 


VO 


<*~» 
vO 
rH 


<<* 




CO 

\ 


CO 


















(0 


<0 


JQ 


O 




0) 




O) 




(0 






Materia 
Surface 


Hi 

CO 


0 


10 
Q 


in 
< 


in 
O 


in 
w 


Metal Oxide 
Powder 
(Specific 
Surface 

/\jca.m /gj 


(d _ 
3 0 






CM 


CO 




in 


vO 




CO 




0 

rH 


rH 
rH 


CM 
rH 


CO 
rH 


rH 


in 

rH 


VO 

rH 


CO 

u 






0 

iH 

1 
































§ 

OS 






S 

Id 

































55 



16 




EP 0 799 791 A1 



# 



Life 
Test 3 

( Mi irn Via v 


of 
Copies ) 


o 
o 
o 

*» 
o 

A 


o 
o 
o 

m 

CO 

A 


O 
O 

o 

r> 

CO 

A 


O 
O 

o 

CO 
rH 


o 
o 
o 

m 

iH 


O 

o 
o 

* 
rH 


000 '61 


21,000 


18,000 


14,000 


000 '8 


o 
o 
o 

a 

rH 


>i 
-P 




























iH ^ 

S* 

3- 

r-t 

b 




o 

CO 


r> 

CO 


a> 

CO 


VO 
VO 


\o 


CO 

in 


VO 


o 

o* 


rH 
VO 


VO 
rH 


rH 
rH 


O* 


■3.1 


? 


























Degree 
Hydro 
phobic: 

I* J 


CO 
CO 


o 

.CO 




in 
m 


CO 

m 


OJ 

vo 


CO 

in 


VO 
VO 


vO 
OJ 


o 

CO 


CO 


CO 


1 it? 


in 


CO 

oj 


in 
vo 

OJ 


in 

CO 


in 

rH 

CO 


VO 

tn 

OJ 


^ 

CO 
OJ 


CO 
OJ 


TOT 


OJ 
rH 


Tji 

CO 
OJ 


cn 

CO 

OJ 






























Straight 
Silicone 
Oil (g) 


OJ 
*-«» 

Pu 


oj 
u* 


OJ 

o 


OJ 


OJ 
M 


OJ 


1 Used in 
Treatment 




a (4/8) 


a (10/20) 


f (10/10) 


i (10/10) 


Materia 
Surface 


Epoxy- 
Modificd 
Silicone Oil 
(mmol) 1 


(s) a 


D (5) 


Metal Oxide 
Powder 
(Specific 
Surface 

Arca:m 3 /g) 


Silica 
(130) 


Titania 
(50) 


Alumina 
(100) 


Silica 
(200) 


Silica 
(130) 


Titania 
(50) 


Alumina 
(100) 


Test 
NO. 


IN 
rH 


CO 
r-l 


r-l 


o 


rH 

OJ 


OJ 
OJ 


CO 
OJ 


CM 


in 

OJ 


VO 
OJ 


OJ 


CO 
OJ 


Remarks 


Example 




Comp. 
Example 



■8 



55 



17 



EP 0 799 791 A1 



# 



5 


Life 
Test 3 

(Number 
of 

Conies ) 


>42,000 


o 
o 
o 

CO 
A 


o 
o 
o 

o 

A 


o 
o 
o 

o 

A 


o 
o 
o 

iH 

^» 

A 


o 
o 
o 

CO 

CO 
A 


o 
o 
o 

vo 

CO 
A 


O 
O 
O 

o 
^» 

A 


o 
o 
o 

iH 

A 


O 
O 
O 

rH 

A 


o 
o 
o 

CO 
A 


o 
o 
o 

CM 
A 


O 
O 
O 

VO 
CO 
A 


o 
o 
o 

tH 

A 


o 
o 
o 

o 

A 


O 
o 
o 

cn 

CO 
A 


10 


3* 

•— I 
Em 




CO 
GO 


in 

CO 


cn 


cn 

CO 


VO 

cn 


o 

cn 


CO 

cn 


cn 


cn 


CM 
cn 


CO 


CO 
CO 


iH 

cn 


o 

cn 


VO 
CO 


in 

CO 


15 




? 

■I 


































<D S O — 

1*1 . 


CO 
CO 


cm 
cn 


o 
cn 


in 
cn 


CO 


cn 

CO 


cn 


^» 

cn 


o 
cn 


cn 

CO 


EN 

cn 


vO 

cn 


CO 
CO 


m 

CO 


o 
cn 


o 

CO 


20 


It? 


o 

CO 
CO 


CO 

Tjl 


CM 
f-H 
^» 


CM 
CO 
CO 


o 

CO 


CO 
vO 

1 


in 

H 
r-t 


O 

CO 

iH 


cn 

CO 
CM 


CO 
iH 


in 

CO 


VO 

in 

CM 

i 


CO 

CO 


CO 

cn 

CM 


iH 

CM 


VO 

m 

CM 








































25 


}|3 
118 


CM 
En 


CM 
O 


<N 
X 


CM 
M 


CM 
Em 


30 


CD 


II 


CO 
(0 


m 
\ 
in 
• 

CM 
>■*» 

CO 


CM 
\ 
iH 

co 




VO 

O 


vO 


VO 
•H 
\ 
•<* 

CP 


VM 




CO 

w 

A 


00 

\ 

CO 


35 


Tl a 
tJ tJ 


till 

CO 


in 
Q 


in 

< 


in 
O 


in 
w 


40 


s . «. 


> o 5 

m 


So 

3§ 

w 


45 


E-t z 


tH 


cm 


CO 




in 


vO 




CO 


cn 


o 


tH 


CM 


CO 




in 


VO 




CO 
M 




CD 
rH 

o« 
































vo 
0 

•H 


i 




I 

































55 



18 



EP 0 799 791 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



CD 

8 

■H 

i 



vO 
iH 

•9 



Life 
Test 3 
(Number 
of 


o 
o 
o 

a\ 
CO 
A 


o 
o 
o 

in 

CO 
A 


o 
o 
o 

CO 
A 


o 
o 
o 

tH 


o 
o 
o 

o 

CM 


O 
O 

o 

tH 


o 
o 
o 

c* 

tH 


o 
o 
o 

e* 

tH 


O 
O 
O 

CM 
CM 


O 
o 
O 

*. 
CM 
iH 


O 
O 
O 

ccT 


O 
O 
O 

&\ 


Fluidity 
(%) 


CO 
CO 


CO 

cn 


CO 

en 


o 

l> 




in 
vo 


vO 

VO 


tH 
VO 


O 
VO 


tH 

CM 




CO 
CO 




■1 


























Degree 
Hydrc 
phobic 
(%) 


CO 
cn 


vo 

CO 


CN 
CT» 


IN 

m 


O 

VO 


o> 
in 


GO 
■<* 


VO 


CO 




o> 

CO 


tH 


in 


3 

t 


O »' 

iH 

CM 


in 
cm 

CO 


tH 

CM 


o 

tH 

CO 


O 

m 

CO 


CO 

cs 


F-l 

CM 


tH 
CM 


CM 
iH 
tH 


in 

tH 


in 

CO 
CM 


CO 
O 
CM 






























Straight . 
Silicone Oil 


04 

fa 


cs 
u* 


CM 

O 


CM 
S 


CM 
M 


CM 
fa 


1 Used in 
Treatment 


N 


co 

(0 


o 

CM 

o 

iH 

(0 


O 

iH 

\ 

o 

rH 

>—■» 

<M 


o 

tH 

o 

tH 
•H 


Materia 
Surface 


CO 


in 
P 


m 
a 


Metal Oxide 
Powder 
(Spedfic 
Surface 

A r pa 'fTI^/iA 


to _ 
So 

■h rj 
w 


(0 

•H ^ 

go 


to 

c ~ 

•H O 
6 O 

P rH 
r-l ^ 
< 


^ CM 




(0 

■H ^ 

So 
S in 

3 w 


(0 

c — 

■H O 

6 o 

3 tH 

iH w 
< 




r> 

«H 


CO 
tH 


iH 


o 

CM 


i— i 

CM 


CM 
CM 


CO 
CN 


CM 


in 

CM 


VO 
CM 


CM 


CO 
CM 


CO 




CD 
#H 

a 






a) 

• H 




















3 






CJ x 
w 

















i 



<o — < 



I I 



3 



5 1 

1 1 I 

£ £ S 

a a 8 

s z % 



£ £ £ 

" n in 

1 



55 

(Industrial Applicability) 

Tables 3 to 6 reveal that the frictional charge of a metal oxide powder can be freely controlled within the range of 



19 



EP 0 799 791 A1 



from negative charge of about -500 uC/g to positive charge of over 300 uC/g depending upon the type and amount of 
the amine compound used for surface treatment, and that, regardless of the charge level required for toner, i.e., a pos- 
itive or negative level, the charge level can be attained by using the hydrophobic metal oxide powder of the present 
invention. In addition, the metal oxide powder of the present invention exhibits high precision of charge control 

Further, surface treatment may be carried out at a relatively low heating temperature, and thus a hydrophobic metal 
oxide powder in which silicone oil coating is strongly joined to the metal oxide powder can be obtained. This metal oxide 
powder has excellent time stability of hydrophobicity and charge, and exhibits less deterioration in characteristics during 
use or storage. Therefore, an electrophotographic developer containing the hydrophobic metal oxide powder can suffi- 
ciently maintain fluidity even under conditions of high temperature and high humidity, and increases the number copies 
obtained until good images without fogging cannot be obtained. 

Although the present invention has been described with reference to the preferred embodiment, it can be under- 
stood by persons skilled in the art that many changes can be made within the scope of the present invention. 

Claims 

1 . A hydrophobic metal oxide powder having a surface coating formed by simultaneous surface treatment with silicone 
oil having epoxy groups, and a non-polymeric amine compound having a lower number of primary and/or second- 
ary amino groups than the total number of the epoxy groups. 

2. A hydrophobic metal oxide powder having a surface coating formed by surface treatment with silicone oil having 
epoxy groups and amino groups. 

3. A hydrophobic metal oxide powder according to Claim 2, wherein the silicone oil having epoxy groups and amino 
groups is obtained by reacting silicon oil having epoxy groups and a non-polymeric amine compound having a 
lower number of primary and/or secondary amino groups than the number necessary for reaction with all epoxy 
groups. 

4. A hydrophobic metal oxide powder havng a surface coating formed by simultaneous surface treatment with silicone 
oil having epoxy groups, a non-polymeric amine compound having a lower number of primary and/or secondary 
amino groups than the total number of the epoxy groups, and straight silicone oil. 

5. A hydrophobic metal oxide powder havng a surface coating formed by surface treatment with silicone oil having 
epoxy groups and amino groups and straight silicone oil. 

6. A hydrophobic metal oxide powder according to Claim 5, wherein the silicone oil having epoxy groups and amino 
groups is obtained by reacting silicon oil haing epoxy groups and a non-polymeric amine compound havng a lower 
number of primary and/or secondary amino groups than the number necessary for reaction with all epoxy groups. 

7. A hydrophobic metal oxide powder according to Claim 1 , 3, 4 or 6, wherein the silicone oil having epoxy groups has 
an expoy equivalent of 200 to 3000 g/mol, and the amine compound is a compound represented by the formula 
R 1 R 2 NXNHR 3 (wherein R 1 • R 2 and R 3 may be the same or different, and are each hydrogen or an alkyl group hav- 
ing 1 to 10 carbon atoms in which the alkyl group may contain an ether bond, and X is an alkylene group having 1 
to 10 carbon atoms), and having a frictional charge within the range of +10 to +250 uC/g. 

8. A hydrophobic metal oxide powder according to Claim 7, wherein, in the formula of the amine compound, R 1 and 
R 2 are each an alkyl group having 1 to 6 carbon atoms, R 3 is hydrogen or an alkyl group having 1 to 6 carbon 
atoms, X is -(CH) n - (n is an ingeter of 2 to 4). 

9. A hydrophobic metal oxide powder according to Claim 1 , 3, 4 or 6, wherein the silicone oil having epoxy groups is 
silicon coil having glycidyl groups at both terminals of its molecule, an epoxy equivalent of 300 to 1000 g/mol, and 
a viscosity of 1 0 to 50 sCt at 25°C. 

10. A hydrophobic metal oxide powder according to Claim 1, 3, 4 or 6, wherein the amine compound is used so that 
the molar ratio of the total of primary groups and secondary groups in the amine compound to the total number of 
the epoxy groups in the silicone oil is within the range of 0.1 to 0.9. 

1 1 . A hydrophobic metal oxide powder according to any one of Claims 1 to 6. wherein the silicone oil is used for surface 
treatment in an amount of 5 to 40 parts by weight relative to 100 parts by weight of metal oxide powder. 
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12. A hydrophobic metal oxide powder according to any one of Claims 1 to 6, wherein the metal oxide is silica, alumina 
or titania. 

13. A hydrophobic metal oxide powder according to any one of Claims 1 to 6, wherein the degree of hydrophobicity 
measured by a transmittance method is 60% or more. 

14. An electrophotographic developer comprising a hydrophobic metal oxide powder of any one of Claims 1 to 6. 
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